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A N  ELECTRICAL-TYPE I N D I C A T I N G  FUEL FLOVIZETXR 
By Robe r t  E .  T o z i e r  
Ail  e l e c t r i c a l - t y p e  m e t e r  h a s  been d.eveloped f o r  meas- 
u r i n g  rnass r a t e s  of f l ow of + s o l i n e  o r  o t h e r  nonconduct -  
i n g  f l u i d s .  I t s  t e m p e r a t u r e  d e ~ e n d e n c e  i s  szal l  o v e r  a 
l a r g e  r ange  a n d  i t  h a s  no lrnomn v i b r a t i o n a l  o r  v i s c o s i t y  
e r r o r s .  The maximum t e m p e r a t u r e  r i s e  i s  l e s s  t h a n  5' C .  
The r a t e s  of f l o w ,  measu rab le  w i t h i n  1 p e r c e n t  w i t h  t h e  
p r e s e n t  i n s t r ~ m e ~ t ,  a r e  a p p r o x i m a t e l y  100  t o  1 , 0 0 0  o r  more 
pounds  o f  g a s o l i n e  p e r  h o u r  when a  p o t e n t i o m e t e r  i s  u s e d ,  
o r  1 0 0  t o  300 pounds  F e r  h o u r  when a  d e f l e c t i o n - t y p e  m e t e r  
I s  u s e d .  
I N T R O D U C T I O N  
Des ign  o f  a n  i n d i c a t i n q  r a t e - o f - f l o w  m e t e r  mas unde r -  
t a k e n  by t h e  N . A . C . A .  a s  p a r t  of a proqram t h a t  r e q u i r e d  
a n  a c c u r a t e ,  p o r t a b l e  f u e l  f l o w n e t e r  f o r  u s e  i n  f l i g h t  
t h a t  mould be u n a f f e c t e d  b y  t e m p e r a t u r e  e x t r e m e s ,  modera t e  
a c c e l e r a t i o n s  o r  changes  i n  f u e l  c h a r a c t e r i s t i c s ,  a n d  c o u l d  
be made r e m o t e - i n d i c a t i n g .  A f t e r  i t s  manufacbure ,  t h e  flow- 
. m e t e r  was t e s t e d  l o r  3 months  f o r  a c c u r a c y  and  permanence 
o f  c a l i b r a t i o n .  A s e n s i t i v e  m i l l i v o l t m e t e r  o r  a p o t e n t i o m -  
e t e r  was u s e d  f o r  a n  i n d i c a t o r .  T h i s  f l owmete r  was u s e d  
i n  a t e s t  p rogram f o r  s e v e r a l  months i n  such  a manner a s  
t o  show a n y  i n a c c u r a c y  a s  soon a s  i t  deve loped .  Do i n a c c u -  
r a c y  w a s  fdund  u n t i l  t h e  m e t e r  n a s  damaqed by improper  op- 
e r a t i o n ,  A second  model w i t h  t w i c e  t h e  n1.1mber o f  c o u p l e s  
h a s  been  d e s i g n e d  t o  u s e  a r e l a t i v e l y  rugged  s t o c k  model 
microammeter  a s  t h e  i n d i c a t o r .  
The m e t e r  d e s c r i b e d  i s  s i m i l a r  i n  p r i n c i p l a e  t o  t h e  
Thomas ( r e f e r e n c e s  1 and 2 )  and o t h e r  m e t e r s  t h a t  m e a s u r e  
a  t e m p e r a t u r e  d i f f e r e n c e  c r e a t e d  i n  t h e  f l u i d  by t h e  ad- 
d i t i o n  of e l e c t r i c a l l y  g e n e r a t 6 d  h e a t .  ( s e e  f i g s .  1, 2 ,  
and  3.)  The h e a t  i n p u t  i s  f i x e d  and t h e  t e m p e r a t u r e  
d i f f e r e n c e  developed i s  r e a d  ' as  a  measure  o f ,  t h e  r a t e  of 
f l o w .  I n  p r a c t i c e ,  c u r r e n t  t h a t  p a s s e s  t h r o u g h  a r e s i s t -  
ance- type  h e a t e r  i s  r e g u l a t e d  a t  a f i x e d  v a l u e .  The v a l -  
u e s  of t h e  h e a t e r  r e s i s t a n c e  and. of t h e  c u r r e n t  f i x  t h e  
tcmpesatu-ro change developed i n  t h e  s t r eam a c c o r d i n g  t o  
t h e  r e l a t i o n  
k R (1 + Bt)  A T  = ------,--e-,------,,--_-__ 
l b . / h r .  x ( s p .  h e a t ) o  (1 + a t )  
where A T  i s  t h e  developed t e n p e r s t u r e  d i f f e r e n c e .  
k ,  a c o n s t a n t .  
! I ,  h e a t e r  c u r r e n t .  
R o y  r e s i s t a n c e  of h e a t e r  mire n t  :emperatuse T o .  
B ,  t h e  t e m p e r a t u r e  c o e f f i c i e n t  of r e s i s t a n c e  sf 
h e a t e r  w i r e ,  
t = (T-T,) ,  t e m p e r a t u r e  v a r i a t i o n  from r e f e r e n c e  tempera- 
t u r e .  . . 
T o ,  t h e  r e f e r e n c e  t e m p e r a t u r e  c o r r e s p o n d i n g  t o  
Ro and  ( s p .  h e a t ) , ,  
l b h  , pounds p e r  hour  f l o w i n < .  
a ,  t h e  t empera tu re  c o e f f i c i e n t  of , s p e c i f i c  h e a t ,  
The v a l u e  of /3 shou ld  be chosen e q u a l  t o  a t o  e l i m i n a t e  
t h e  t e m p e r a t u r e  dependence. Th i s  p r a c t i c e  may be v a r i e d ,  
however., t o  g i v e  o t h e r  r e s u l t s  a s  d e s i r e d ;  e.g. ,  ~ o l u m e  
ra te-of- f low i n d i c a t i o n  may be found by  i n c l u d i n g  t h e  ex- 
p a n s i o n  c o e f f i c i e n t  of t h e  f l u i d  and  by choosing a s u i t a -  
b l e  v a l u e  of B.  The i n s t n l m e n t  d e s c r i b e d  i s  made t o  i n -  
d i c a t e  mass r a t e  of f low.  
Thermocouples a r e  used  t o  i n d i c a t e  t h e  t e m p e r a t u r e  
d i f f e r e n c e  developed because bo th  s e n s i t i v i t y  and tempera- 
t u r e  independence of t h e  i n d i c a t i n g  a p p a r a t u s  a r e  r e q u i r e d ;  
no o t h e r  method of t e m p e r a t u r e  i n d i c a t i o n  i s  s a t i s f a c t o r y  
o v e r  t h e  f u e l - t e m p e r a t u r e  range .  I t  i s  n e c e s s a r y ,  when 
h a n d l i n g  v o l a t i l e  l i q u i d s  w i t h  t h i s  t r p e  o f  m e t e r ,  t o  l i m i t  
t h e  t e m p e r a t u r e  d i f f e r e n c e  developed t o  a v o i d  "vapor  l o c k "  F 
i n  t h e  case  of t h e  h i c h e s t  t e m g e r a t u r e  and  t h e  l o w e s t  baro-  
m e t r i c  p r e s s u r e  l i k e l y  t o  be er icountered.  The maxinun tem- 
p e r a t u r e  d i f f e r e n c e  i n  t h e  p r e s e n t  i n s t r u m e n t  mas a r b i t r a r -  i 
f l y  s e t  a t  5' C. and  normal ly  does n o t  excced 2' C, i s e n s i -  
t i v e  measur ing  a p p a r a t u s  i s  t h e r e f o r e  r e q u i r e d ,  S p e c i a l  
c a r e  mas t aken  i n  t h e  cho ice  of tilermocouple m a t e r i a l  i n  or-  
d e r  t h a t  t h e  m i c r o v o l t s  p e r  degree  mould be a p p r o x i m a t e l y  
c o n s t a n t  over  t h e  gaso l ine - t empera tu re  range ,  The i n t e r n a l  
r e s i s t a n c e  of t h e  thermocouple c i r c u i t  mas k e p t  a s  s m a l l  as 
p r a c t i c a l ,  w i thou t  a l l o w i n g  t o o  much h e a t  l o s s  a l o n g  t h e  
thermocouple w i r e s ,  t o  permif  f h e  u s e  of e i t h e r  a m i l l L -  
v o l t m e t e r  o r  a p o t e n t i o m e t e r  f o r  an  i n d i c a t o r .  A mu-l t iple  
thermocouple of  250 p a f r s  of Cronel-.Alumel ~ J L o ~ s  is u s e d  t o  
o b t a i n  a h i g h  v a l u e  of v o l t s  p e r  d e ~ r e e .  The s h o r t  d i s t a n c e  
( a p p r o x i m a t e l y  1 / 2  i n c h )  between t h e  h o t  and  c o l d  ju?nct ions  
. o f  t h e s e  c o u p l e s  i s  made p r a c t i c a l  by a  s p e c i a l  method of 
e l e c t r i c a l  welding ( r e f e r e n c e  8 ) .  Both thermal  a n d  e l e c -  
t r i c a l  i n s u l a t i o n  a r e  p r o v i d e d  by t h e  u s e  of heavy b a k e l i t e  
rails a n d  p a r t i t i o n s .  A meta l  c a s e  over  t h e  b a k e l i t e  pro- 
v i d e s  s a f e t y  a n d  permanence of t h r e a d e d  connec t ions .  
ACCURACY 
P o t e n t i o m e t e r  ---------.--- i n d i c a t o r . -  - ,Vhen a  p o t e n t i o m e t e r  i s  used  
a s  t h e  i n d i c a t o r ,  t h e  i t e m s  of t e m p e r a t u r e  dependence are: 
Y 1, &..m.f. p e r  deqree  of t h e  couy les .  
2. Temperature d i f f e r e n c e  g e n e r a t e d .  
a .  S p e c i f i c  h e a t  of t h e  f l u i d .  
b. R q s i s t a n c e  of t h e  h e a t s r .  
. . 
Item I amounts t o  l e s s  than  2-1/2 p e r c e n t  i n  1 - ~ ~ 0  C., 
and i t e m  23 compensates i t e n  2a m i t h i n  1 p e r c e n t  i n  LOO' C. ,  
s o  t h a t  t h e  c a l c u l a t e d  t e m p e r a t u r e  de-gendence cznnot  ex- 
ceed  3-1/2 p e r c e n t  i n  100' C.  change i n  f u e l  t e n p e r a t u r e  
and  c o u l d  be reduced t o  z e r o  by b a l a n c i n g  i t e i  2  a g a i n s t  
i t e m  1, 
The use  of a small p o r t a b l e  p o t e n t i o m e t e r  a l l o w s  read-  
i n q s  a c c u r a t e  t o  w i t h i n  1 p e r c e n t  of t h e  s m a l l e s t  v o l t a g e  
used.  T h e o r e t i c a l l y  t h e r e  i s  no upper  l i m i t  t o  t h e  r a t e  
of  f low t h a t  can be measured b y ' t h i s  method s i n c e  i n c r e a s -  
i n g  e i t h e r  i n p u t  ma t t ace  o r  t h e  p o t e n t i o m e t e r  sensitivity 
e x t e n d s  t h e  range .  The lower  l i m i t  o f  r a t e  of flom i s  s e t  
by t h e  g r a d u a l  l o s s  of a c c u r a c y  caused by f l u c t u a t i o n s  of 
t h e  i n d i c a t e d  t o n p e r a t u r e  below a p p r o x i m a t e l y  150 pounds 
p e r  hour.  These f l u c t u a t i o n s  a r c  caused by t h e  poor  f l o e  
c h a r a c t e r i s t i c s  i n  t h o  c l e a r a n c e  space  r e q u i r e d  f o r  t h e  
maximum r a t e  of  f lom.  
An oxtended c a l i b r a t i o n  of t h e  f i r s t  f lowmeter ,  do- 
s i g n e d  t o  have a sange of 60 t o  600 pounds p e r  h o u r ,  a t  
one v a l u e  of  i n p u t  c u r r e n t  i n d i c a t e d  t h e  a c c u r a c y  t o  be as i 
fo l lo \7s :  from approx imate ly  250 t o  600 pounds p e r  h o u r ,  
t h e  a c c u r a c y  w a s  t h a t  of  r e g u l a t i n g  t h e  f low;  above 600 
pounds p e r  h o u r ,  where t h e  e.m,f. g e n e r a t e d  i s  l e s s  than  
1.50 mil.3-ivolts,  t h e  a c c u r a c y  was t h a t  o f  r e a d i n g  t h e  po- 
t e n t i o m e t e r  (0.01 mv s e n s i b i l i t y ) ;  from a p p r o x i m a t e l y  150 
t o  60 p ~ u n d s  p e r  hour  t h e  f l u c t u a t i o n  g r a d u a l l y  i n c r e a s e d  . 
t h o  r e a d i n g  e r r o r  t o  t h e  d e s i g n  l i m i t  of ,*l j?ercent;  from 
60 t o  20 pounds p e r  h o u r ,  t h e  e r r o r  i n c r o a s c 6  t o  53 p e r c e n t .  
G a l i b r a t i o n s  over  a 30° C.  range  of t e m p e r a t u r e  showed 
no a p p r e c i a b l e  change,  and subsequent  uso  i n  a  t e s t  program 
h a s  shoan c o n t i n u e d  a c c u r a c y  o v e r  a p e r i o d  of s e v e r a l  
months. 
D e f l e c t i o n - t p ~ e  i n d i c a t o r . -  In a d d i t i o n  t o  t h e  f o r e -  
-----------  _---- _---.-- 
g o i n g  i t e m s ,  t h e r e  a r e  t h r e e  o t h e r s  p r e s e n t  when a d e f l e c -  
t i o n - t y p e  meter  i s  u s e d ,  and  one compensat ing i tem h a s  been 
i n t r o d u c e d  as  m i l l  bc shown. .These f o u r  a d d i t i o n a l  i t e m s  
a r e  : 
1, R e s i s t a n c e  c h a n ~ e  of t h e  couple  c i r c u i t .  
2, R e s i s t a n c e  change of t h e  i n d i c a t i n s  i n s t r u m e n t .  
3, S e n s i t i u i t y  change o f  t h e  i n d i c a t i n g  i n s t r u n c n t .  
4.  S e n s i t i v i t y  change of t h e  c u r r e n t - s e t t i n g  appa- 
r a t u s .  
Item 1 v a r i e s  w i t h  t h e  f u e l  t e m p e r a t u r e  and changes 
t h e  i n d i c a t i o n  l a s s  t h a n  2 p e r c e n t  i n  100" C .  I t ems  2 ,  3, 
and  4 v a r y  r r i th  ins t rument  t e m p e r a t u r e .  Item 3 i s  s n a l l ,  
amounting t o  a b o u t  1 p e r c e n t  i n  100' C. f o r  t h e  i n s t r u m e n t s  
used ,  
S i n c e  a m i l l i v o l t m e t e r  w i t b u t  a  l a r s e  t e m p e r a t u r e  e r -  
r o r  w a s  n o t  a v a i l a b l e  ( o r  w a s  t o o  f r a g i l e  f o r  h a r d  s e r v i c e ) ,  
a  microammeter m a s  u sed  f o r  t h e  i n d i c a t o r .  The e f f e c t  of 
i t e m s  1 and 2 i s  t o  chanqe t h e  c u r r e n t  b u t ,  s i n c e  t h e y  de- 
pend on d i f f e r e n t  t e m p e r a t u r e s ,  t h e  e f f e c t  v a r i e s  s l i q h t l y ,  
from 33 t o  35 p e r c e n t  i n  l oo0  C. I tems 3. a n d  2 a r e  compen- 
s a t e d  by i tem 4 ,  which was intr .oduced f o r  t h a t  purpose .  
Conpensat ion i s  o b t a i n e d  by u s i n g  t h e  i n d i c a t i n g  microam- 
metar  w i t h  p r o p c r  shunt  t o  a d j u s t  t h e  h e a t e r  c u r r e n t  % u t  
w i t h  a n  added s e r i e s  r e s i s t a n c e  of manganin t o  r educe  i t s  
coefficient of r e s i s t a n c e  t o  one-half  t h e  va luc  when t h e  
i n s t r u m e n t  i n d i c a t e s  flow. S i n c e  t h e  h e a t  i n p u t  i s  propor-  
t i o n a l  t o  t h e  c u r r e n t  s q u a r e d ,  t h e  h e a t  v a r i e s  a t  t 9 e  same 
r a t e  as t h e  i n d i c a t o r - t e n p e r a t u r e  dependence and  i n  t h e  
d i r e c t i o n  t o  compensate f o r  i t .  The conpensa t ion  i s  com- 
p l e t e  t o  m i t h i n  3  p e r c e n t  i n  loo0  C. 
The sum of a l l  t h e  t e m p e r a t u r e  e r r o r s ,  i f  t h e  e a s o l i n e  
t e m p e r a t u r e  i s  assumed c o n s t a n t ,  i s  between 3 and 4 p e r c e n t  
i n  100' C: I f  b o t h  g a s o l i n e  a n d  i n s t r u m e n t  t e m p e r a t u r e s  
v a r y  100° C . ,  t h e  e r r o r  may amount t o  abou t  7 p e r c e n t  b u t ,  
i f  o n l y  t h e  q a s o l i n e  t e m p e r a t u r e  v a r i e s ,  t h e  e r r o r  i s  l e s s  
t h a n  2 p e r c e n t  i n  100O 2. 
In t h e  o r i g i n a l  form t h e  flom i n d i c a t i o n  from 100 t o  
300 pounds n e r  hour  m a s  r e a d a b l e  on t h e  s c a l e  t o  a b o u t  k l  
' p e r c e n t  o r  b e t t e r ;  from 300 t o  600 pounds p e r  h o u r ,  t h e  
s c a l e  m a s  r e a d a b l e  t o  23 p e r c e n t  o r  b e t t e r .  
An i n d i c a t i n ' g  i n s t r u m e n t  h a s  .been developed t h a t  h a s  
t h e  p r o p e r t y  of b e i n g  r e a d a b l e  t o  t h e  same p e r c e n t a g e  ac-  
c u r a c y  of  f low r a t e  a t  a11  p a r t s  of t h e  s c a l e .  T h i s  r ead-  
i n g  a c c u r a c y  i s  abou t  2 p e r c e n t .  Comparable s c a l e s  o f  t h e  
'two t y p e s  a r c  shown i n  f i g u r e  4. 
T e s t s  made a t  Wriqht F i e l d  i n  s e r v i c e  i n d i c a t e  t h e  ad- 
v i s a b i l i t y  of a , h e a t e r  t ~ r p e  t h a t  a l l o ~ v s  more even h e a t i n g  
of t h e  f u e l ,  t h u s  r e d u c i n g  f l u c t x m t i o n s  of t h e  i n d i c a t i o n .  
T h i s  change r e p l a c e s  t h e  p e r f  o r a t e d  b a k e l i t e  c x l i a d e r  i n  
f i q u r e  3 w i t h  a p i e c e  hav ing  c y l i n d - r i c a l l y  a r r a n g e d  c01- 
umns on which t h e  h e a t e r  i s  mound. 
C a l i b r a t i o n  curve .  - The i a v e r s e  r e l a t i o n s h i p  of i n d i -  
--------- ---------- 
c a t i o n  and r a t e  of f l o a  a s  shown i n  e q u a t i o n  (1) i s  approx- 
i m a t e d  i n  p r a c t i c e .  (See f i g .  5 . )  , 
Range.- The ranye  of t h e  p r e s e n t  i n s t r u m e n t s  i s  from 
--- 
adbout 60 t o  abou t  1 ,000  p ~ u n d s  of g a s o l i n e  p e r  h o u r  when a 
p o t e n t i o m e t e r  a n d  one s e t t i n g  of h e a t e r  c u r r e n t  a r e  u s e d .  
The range  can be ex tended  upward by i n c r e a s i n s  t h e  k e a t e r  
.----- ."..-------. 
c u r r e n t  by  tthe f a c t o r  J ~ e s ~ r e ~ a ~ e  and c n l i b r a t i n q .  
. ZOO0 
The d e f l e c t i o n - t y p e  mete r  was d e s i g n e a  t,o cover  t h e  
range  of from 100 t -o  300 pounds p e r  h o u r ,  h u t  i t s  ranqe  
can a l s o  be changed by t h e  u s e  of .  f a c t o r s ,  a s  p r e v i o u s l y  
o u t l i n e d ,  o r  by s u b s t i t u t i n g  a n o t h e r  me te r  h a v i n c  t h e  de- 
s i r e d  c h a r a c t e r i s t i c s .  
5afetp.m A s  t h e  meter  i s  i n t e n d e d  f o r  u s e  w i t h  gaso- 
---- 
l i n e ,  t e s t s  mere made b e f o r e  s e l e c t i n g  t h e  type  of h e a t e r  
used .  L a b o r a t o r y  t e s t s  showed t h a t  a b a r e  wi re  immersed 
i n  o r  l o c a t e d  n e a r  t h e  s u r f a c e  of g a s o l i n e  mould c a r r y  
w i t h o u t  f a i l u r e  t h e  maximum p o s s i b l e  c u r r e n t  evkn w i t h  no 
f l u i d  flow. No flames can r e s u l t  u n t i l  a sphsk o c c u r s ,  
hence t h e  danger of a f i r e  i s  c o n s i d e r e d  s l i g h t  even i n  
t h e  e v e n t  of a n  a c c i d e n t a l  c l o s i n q  of t h e  s n i t c h  f o r  a  
f a i r l y  l o n g  p e r i o d  o r  t h e  r u n n i n g  d r y  of t h e  f u e l  l i n e  f o r  
a  p e r i o d  l o n g  enough t o  form a combus t ib le  mixture .  Ex- 
p e r i e n c e  h a s  confirmed t h i s  op in ion .  A p r e s s u r e - o p e r a t e d  
s a f e t y  swi tch  h a s  been i n c o r p o r a t e d ,  however,  t o  a v o i d  dam- 
age t o  t h e  i n s t r u m e n t  by improper o p e r a t i o n .  
A t t e n d a n t  _ a e ~ g r a t u s . -  A s o u r c e  of power capab le  o f  
s u p p l r i n g  .at l e a s t  50 watts o v e r  t h e  p e r i o d  of t h e  t e s t  i s  
n e c e s s a r y ,  The power may be o f  any  r e a s o n a b l e  v o l t a g e  if 
the  h e a t e r  i s  c o r r e s p o n a i n g l y  changed, A r e g u l a t i n g  rheo- 
s t a t  and  a p o t e n t i o m e t e r  o r  microammeter a r e  a l s o  r e q u i r e d .  
' An ammeter need n o t  be used  if t h e  v o l t a g e  drop a c r o s s  a 
f i x e d  r e s i s t a n c e  i s  used  t o  a d j u s t  t h e  c u r r e n t  and t h e  
f low i n d i c a t o r  i s  used t o  measure t h e  drop.  
Lag.- The l a g  o r  t o t a l  t ime r e q u i r e d  t o  r e a c h  a s t e a d y  
r e a d i n g  a f t e r  a  g r e a t  change i n  t h e  r a t e  of f low v a r i e s  in-  
v e r s e l y  a s  t h e  r a t e  of f low from a few seconds  (when chang- 
i n g  from low t o  h i g h  f low)  t o  a maximum of about  40 seconds  
when chanqinq from 600 pounds p e r  hour t o  a p p r o x i m a t e l y  120 
pounds p e r  hour .  The t ime r e q u i r e d  t o  r e a c h  a s t e a d y  read-  
i n s  when t h e  h e a t e r  i s  t u r n e d  on v a r i e s  i n v e r s e l y  as  t h e  
r a t e  of  f low and  amounts t o  l e s s  t h a n  1 minute i n  t h e  wors t  
case .  
P r e s s u r e  dgse.-  The p r e s s u r e  drop a c r o s s  t h e  i n s t r u -  
ment i s  n e a r l y  p r o p o r t i o n a l  t o  t h e  r a t e  of  f low and  amounts 
t o  a b o u t  1 pound p e r  square  i n c h  w i t h  g a s o l i n e  f l o w i n g  a t  
t h e  r a t e  of 1 , 0 0 0  pounds p e r  hour .  
F l u i d  c h a r a c t e r i s t i c s . -  --- I t  i s  b e l i e v e d  t h a t  when u s i n g  
one t y p e  of f l u i d ,  such as 87 o c t a n e  g a s o l i n e ,  t h e  v a r i a -  
t i o n  of  i n d i c a t i o n  caused by f l u i d  c h a r a c t e r i s t i c s  would be 
i n s i g n i f i c a n t ;  w i t h  a  change i n  t h e  type  of f u e l  from a v i a -  
t i o n  g a s o l i n e  t o  i s o - o c t a n e  (2-2-4 t r i m o t h y l  p e n t a n e )  t h e  
c a l i b r a t i o n  i s  changed abou t  3 p e r c e n t  . 
No t r o u b l e  i s  a n t i c i p a t e d  from c o r r o s i o n  s i n c e  o n l y  
c o r r o s i o n - r e s i s t a n t  m a t e r i a l s  a r e  used.  No c o r r o s i o n  h a s  
been obse rved  a f t e r  abou t  1 y e a r ' s  immersion. 
l?ei,yh&,- The meiqht of t h e  e n t i r e  equipment ,  l e s s  
b a t t e r i e s ,  i s  a b o u t  4-1/2 pounds. 
B1ie:ht t e s t s . -  P r e l i m i n a r y  t e s t s  have shown t h a t  t h e  
f lommeter  o p e r a t e s  s a t i s f a c t o r i l y  i n  f l i g h t .  The f i r s t  
i n s t r u m e n t  b u i l t  mas used  i n  a t e s t  program i n  f l i g h t  w i t h  
a  p o t e n t i o m e t e r  a n d ,  s l t h o u s h  some t r o u b l e  i n  s e c u r i n g  
b a l a n c e  was e x p e r i e n c e d  owing t o  ga lvanometer  v i b r a t i o n ,  
r e a s o n a b l y  a c c u r a t e  d a t a  were o b t a i n e d .  T e s t s  of the m i 1 1 i -  
v o l t m e t e r  type  of i n d i c a t o r  showed. t h a t  t h e  v i b r a t i o n  p r e s -  
e n t  was small and  w a s  caused by v i b r a t i o n  of t h e  i n d i c a t o r  
a s  a  whole. Very rouqh a i r  changes t h e  f low t o  t h e  eng ine  
and t h e r e f o r e  a f f e c t s  t h e  i n d i c a t i o n  of t h e  i n s t r u m e n t .  
F u r t h e r  f l i g h t  and  s e r v i c e  t e s t s  a r e  S e i n g  made. 
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